For comprehensive analysis of genes expressed in a model legume, Lotus japonicus, a total of 22,983 5' end expressed sequence tags (ESTs) were accumulated from normalized and size-selected cDNA libraries constructed from young (2 weeks old) plants. The EST sequences were clustered into 7137 non-redundant groups. Similarity search against public non-redundant protein database indicated that 3302 groups showed similarity to genes of known function, 1143 groups to hypothetical genes, and 2692 were novel sequences. Homologues of 5 nodule-specific genes which have been reported in other legume species were contained in the collected ESTs, suggesting that the EST source generated in this study will become a useful tool for identification of genes related to legume-specific biological processes. The sequence data of individual ESTs are available at the web site: http://www.kazusa.or.jp/en/plant/lotus/EST/. Key words: Legume; Lotus japonicus; cDNA; EST Elucidation of the molecular mechanisms involved in symbiotic nitrogen fixation in legume plants is gaining in importance from the viewpoint of agricultural resources, and orthodox and molecular genetic analyses have been initiated using a model legume, Lotus japonicus.
Elucidation of the molecular mechanisms involved in symbiotic nitrogen fixation in legume plants is gaining in importance from the viewpoint of agricultural resources, and orthodox and molecular genetic analyses have been initiated using a model legume, Lotus japonicus. 1 ' 2 The genome of this plant is relatively small among legume plants, and is estimated to be about 450 Mb. Additional characteristics of this plant is its self-fertile nature and short generation time (2 to 4 months).
1 Agrobacterium-mediated transformation experiments have been reported, 3 ' 4 and the use of Ac transposable element was evaluated toward transposon mutagenesis and tagging. 5 Generation of genetic and molecular markers is essential for map-based cloning, and efforts along this line have been made using two accessions of Gifu and Funakura 2 among several accessions of L. japonicus. However, higher polymorphism frequency was found between Gifu and Miyakojima accessions recently (unpublished result).
One of approaches for analysis of legume-specific biological processes is the identification of genes involved in these processes by comparative analysis of the expressed gene profiles of L. japonicus with those of other plant species. Up to now, more than 45,000 expressed sequence tags (ESTs) have been registered to the public DNA databases for Arabidopsis thaliana and Oryza sativa, while less than 1500 ESTs have been accumulated 
Construction and Qualification of cDNA Libraries
Lotus japonicus Miyakojima MG-20 accession was grown on soil in a 20-hr photoperiod of fluorescent illumination (100 ^E sec" 1 m~2) at 22°C for 2 weeks and whole plants were harvested. Preparation of polyadenylated RNA and conversion to cDNA were performed as described previously. 6 Synthesized cDNA was resolved by 1% agarose gel electrophoresis, and fractions ranging from 0.5 to 3 kb and over 3 kb were separately recovered. The recovered fragments were cloned into the EcoR l-Xho I sites of pBluescript II SK-plasmid vector (Stratagene, USA) and transformed into the Escherichia coli XLl-Blue MRF' strain (Stratagene, USA) by electroporation. The cDNA library containing fragments over 3 kb was named the size-selected library. This library contained 6 x 10 4 independent clones. Normalization was performed for the library containing 0.5-3 kb fragments as described previously. 6 ' 7 The normalized library contained 5 x 10 5 independent clones.
The insert size distribution of clones was analyzed for both the normalized and size-selected libraries (Fig. 1) . It was indicated that 73% of clones in the normalized library consisted of species less than 1.5 kb, whereas the content of cDNA species longer than 1.5 kb was 58% in the size-selected library. The quality of libraries with respect to the insert size was assessed by comparing the 5' end sequences of redundant isoforms of Cicer arietmum mRNA for ribulose 1,5-bisphosphate carboxylase small subunit (182 amino acid residues: aa), Cucumis sativus mRNA for glyoxysomal malate dehydrogenase (357 aa), 8 Nicotiana tabacum mRNA for cytokinin binding protein CBP57 (486 aa), 9 and Pisum sativum mRNA for LoxG (869 aa). 10 Of 30 sequences analyzed for ribulose 1,5-bisphosphate carboxylase small subunit, 23 (76.7%) contained the translation initiation codon. Similary, 8 (80.0%) of 10 sequences obtained for glyoxysomal malate dehydrogenase, 25 (80.6%) of 31 sequences for cytokinin binding protein, and 10 (45.5%) of 22 sequences for LoxG contained the translation initiation codon. The result showed that the libraries constructed in this study contains full-length cDNA clones in high proportion for the genes encoding proteins of up to at least 500 aa. All the clones which contained the LoxG translation initiation codon were derived from the size-selected library, indicating the effectiveness of the size selection procedure for the generation of long cDNA species.
Features of Generated ESTs
A total of 22,983 cDNA clones including 18,280 clones from the normalized library and 4703 clones from the size-selected library were sequenced from their 5' ends. From the base composition of the sequences of randomly selected 640 ESTs (246,982 bases together), the GC con- tent was estimated to be 49.2%.
To identify the number of independent EST species, clustering of the EST sequences was performed. The end sequences were compared with a dataset of itself using the BLASTN program, 11 and clones that showed over 95% identity for more than 100 bp were included in the same group. As a result, 7137 non-redundant groups were generated. As cDNA clones were not always full length, it is possible that different regions of a single gene were included as non-overlapping ESTs. A more accurate number of independent gene species represented by these EST groups would be obtained by combination with the 3' end sequence information.
Sequence Similarity
Each sequence was translated into its amino acid sequence in six frames and subjected to similarity search against the NCBI-provided non-redundant protein database, nr, using the BLASTX program. 11 Similarity between a deduced amino acid sequence and a known sequence was judged to be significant when the P-value was less than 1.0~1 4 . The result of analysis indicated that 4445 non-redundant EST groups have significant similarity to deposited sequences and the remaining 2692 groups are novel. Among the 4445 EST groups with significant similarity, 3302 showed similarity to genes with known function and the remaining 1143 to hypothetical genes with no functional definition largely predicted from the A. thaliana genome sequences ( Table 1 ). The search results of the individual clones will appear at the web site, http://www.fcizusa.or.jp/en/plant/lotus/EST/.
Genes whose functions could be predicted from similarity were classified according to the biological roles or biochemical functions 12 as shown in Table 2 
Codon Usage
The codon usage of L. japonicus genes was analyzed using predicted translated sequences compiled from 87 randomly selected ESTs, which included 9071 codons ( Table 3 ). As only the 5' end partial sequences were used for analysis, the table does not contain the information of the stop codon usage. The codon usage data shown in Table 3 is inconsistent with those of the codon usage data estimated from 47 L. japonicus genes registered in the databases [http://www.fcizusa.or.jp/c6don/]. Although our data do not include the 3'-end moieties, a possibility for this inconsistency could be due to the variation of gene species used for codon usage analysis because 27 of the 47 registered genes code for small GTP-binding proteins. It has been reported that the codon preference among genes was highly variable in higher organisms.
2 '
The non-redundant ESTs generated in this study will be a useful resource for comprehensive analysis of gene function and regulation. The EST sequences reported in this paper appear in the GenBank/EMBL/DDBJ databases with accession numbers AV406328-AV429310.
